Delayed hypersensitivity to soluble purified protein develops after injection of antigen into the foot-pads of adult guinea pigs.
TABLE I

Passive Arthus Reactions in Adult versus Neonatal Guinea Pigs after Sensitization with Varying Amounts of Homdogous Antibody Nitrogen and Intracutaneous Testing 24 Hours Later with 5 #g Homologous Antigen (HEA )
Amount
711
Mter the 7th to 8th day postsensitization, circulating antibody could be detected by either the rabbit test or PCA test. The ability to show Arthus reactions, however, did not appear at the same time as detectable circulating antibody, since of 66 animals that had circulating antibody from the 7th to the 16th day postsensitization, only 39 developed Arthus reactions on intradermal injection of 1 Lf toxoid. These results are in striking contrast to the course in adults in which after sensitization with 1 Lf toxoid in Freund's adjuvant (with or without mycobacteria), delayed hypersensitivity can be detected on the 4th day, and both Arthus reactions and circulating antibody simultaneously on the llth to 14th day (2) . Neonatal guinea pigs thus seemed less reactive than adults during both the delayed and Arthus phases.
Adult and newborn guinea pigs were then injected intravenously with varying amounts of guinea pig antibody to hen egg albumin, and skin-tested 24 hours later with the homologous antigen, HEA. A definite difference appeared between adult and neonatal guinea pigs in their ability to react after passive sensitization with a given amount of guinea pig anti-HEA antibody (Table I) . Adult guinea pigs, weighing 350 gin, developed distinct Arthus responses to 10 to 25 ~g AbN. Neonatal guinea pigs, on the other hand, did not consistently develop Arthus responses after administration of as much as 20O #g AbN.
To determine the approximate time when the skin of neonatal guinea pigs matured to immunologic adulthood, animals were sensitized in the foot-pads with 1 Lf toxoid in complete Freund's adjuvant at varying times after birth and tested intradermally at intervals thereafter with the specific antigen. 18 guinea pigs sensitized 7 days after birth failed to show delayed responses to intradermal injection of 1 Lf toxoid but beginning with the 10th day postsensitization detectable amounts of circulating antibody did appear. Of 10 animals sensitized 9 days after birth, 1 had a delayed reaction on the 7th day after sensitization and 1 had antibody on the 9th day; the rest showed no hypersensitivity or circulating antibody from day 5 to 12. Of 29 animals sensitized 11 and 12 days after birth, 16 had no skin reactions from days 5 to 10 after sensitization, 5 had delayed reactions on the 5th and 6th days, and 8 showed Arthus reactions from the 10th day on. 30 guinea pigs sensitized in the foot-pads 14 days after birth showed a typical transition through delayed hypersensitivity (from 5th to 9th day) to antibody formation (on about llth day). Thus, guinea pigs, during the first 14 days after birth, do not demonstrate the same degree of skin reactivity as adults.
Contact ttypersensitivity.--
Guinea pigs sensitized with simple chemicals or haptens develop a hypersensitivity which is similar to delayed allergy (25) . Accordingly, 90 1-day-old guinea pigs and 42 adults were sensitized by injection into the foot-pads with 50 #g DFB in Freund's adjuvant (without mycobacteria).
HYPERSENSITIVITY IN NEWBORN GUINEA PIGS
When tested on the surface of the skin with 0.05 ml of 0.5 per cent hapten, from days 5 to 20 postsensitization, all the adults showed contact allergy. 51 of the newborns (57 per cent) developed detectable contact hypersensitivity, 13 were doubtful, and 26 did not respond to surface application of the hapten (Table II) . Normal guinea pigs were simultaneously tested on the sides with hapten, in order to serve as controls with which to compare experimental animals with regard to pinkness, elevation, and vesiculation of the sites of hapten application. Although the percentage of newborns developing contact reactions was less than the percentage of adults, neonatal guinea pigs did Allergic opacity has been produced in the cornea of hypersensitive adult guinea pigs after sensitization in the foot-pads with 5/zg HEA in complete Freund's adjuvant and subsequent intracomeal testing with 5 #g of homologous antigen (26, 27) . Similar experiments were conducted in neonatal guinea pigs. 56 1-day-old guinea pigs were sensitized as above, 22 with para-aminobenzoic acid diazotized to hen egg albumin (PABA.HEA) and 34 with HEA, and tested intradermally and intracorneally with homologous antigen from day 5 to day 25.
Corneal opacification during this period could be detected in adults but not in neonatal guinea pigs.
The Influence of X-irradiation.--Total body x-irradiation of adult guinea pigs with 200 r 18 to 24 hours before sensitization did not noticeably inhibit the development of delayed hypersensitivity (28, 29) , although the appearance of circulating antibody was delayed. The possibility, therefore, arises that x-irradiation of newborn guinea pigs might defer the development of antibody sufficiently so that delayed reactions might be observed. Accordingly, guinea pigs were divided into 4 groups and treated as follows: (a) newborn animals exposed to 200 r total body irradiation, then sensitized in the foot-pads with 1 Lf highly purified diphtheria toxoid in Freund's (incomplete) adjuvant; (b) newborns not irradiated, but sensitized, as above; (c) adult guinea pigs irradiated and sensitized, as above; and (d) adult guinea pigs not irradiated, but sensitized, as above (Table III) .
Non-irradiated adult guinea pigs developed delayed hypersensitivity by the 5th day with Arthus type responses and circulating antibody being superimposed on the llth day. Irradiated adult animals, on the other hand, although indicating the presence of delayed hypersensitivity at the usual time, did not develop detectable amounts of antibody until the 15th to 16th day. Newborn animals, both irradiated and non-irradiated, did not manifest any delayed or Arthus hypersensitivity in the skin until the 20th day after sensitization, at which time both irradiated and non-irradiated guinea pigs developed the capacity to form Arthus reactions. This absence of skin reactions occurred in spite of the fact that antibody was present in the circulation from the 10th day
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on. In the irradiated newborns, although the appearance of circulating antibody was inhibited until the 16th day, delayed reactions did not develop in the skin. Arthus reactions eventually became discernible on the 20th day. Thus, the ability of skin of sensitized guinea pigs to react to specific antigen seems suppressed or undeveloped, although other immunologic functions such as development of circulating antibody progress normally.
Anamnestic Response.--An anamnestic response can be produced in guinea pigs by primary injection of antigen sufficient to produce delayed hypersensitivity but no detectable antibody and by a subsequent secondary injection sufficient to produce detectable circulating antibody (30) .
To determine whether the immunologic mechanism associated with the anamnestic response was functioning normally in newborn animals, 1-day-old guinea pigs were injected with a primary dose of antigen sufficiently low to produce delayed hypersensitivity but not discernible antibody, and then exposed to a 2nd antibody-inducing dosage. The anamnestic response in the neonatal guinea pigs was then compared with that in adults.
Newborn guinea pigs developed an anamnestic response at the same rate as adults to three different antigens, namely, diphtheria toxoid, hen egg albumin, and hen egg albumin diazotized to p-aminobenzoic acid (Table IV) . Furthermore, the rate of antibody production to PABA. H E A after a primary injection of H E A was the same in newborns as in adults.
Antigen Elimination.--The rate of elimination of an PMabeled antigen from the circulating blood has been employed as an indicator of the immune response (31) . The logarithm of the antigen concentration in the blood decreases as a linear function of time, if the antigen is a native protein. If, however, the antigen is foreign to the animal, the elimination rate increases after a few days, presumably owing to the formation of circulating antibody and its reaction with antigen. The measurement of elimination of PMabeled antigen was applied to newborn and adult guinea pigs to determine further possible differences in the animals' responses to sensitization.
Purified bovine gamma globulin (BGG) was labeled with iodine TM by the "jet" method of Francis et al. (32) at a level of less than 2 atoms of iodine per molecule of protein. Groups of newborn and adult guinea pigs were sensitized in the foot-pads with 15 /~g of BGG, PABA. BGG, or PABA. HEA in Freund's adjuvant (without mycobacteria) (4). Intravenous injections of 0.6 to 1.0 mg of the radioisotope-labeled protein, I TM BGG, were then administered to 3 animals from each group at each of 3 time intervals after initial sensitization, namely, 0, 7, and 13 days. Radioactivity of blood aliquots was determined at irregular intervals, and the average values for each group of animals calculated (Fig. 2) .
When I TM BGG was injected intravenously immediately after sensitization in the foot-pads, the elimination rate was the same for the 3 groups of adult or newborn animals and resembled that for native proteins. When 7 days elapsed before the injection of I TM BGG, the animals sensitized with BGG eliminated the antigen very rapidly or died of anaphylactic shock. Those guinea pigs with delayed hypersensitivity to BGG because of sensitization with the conjugate PABA.BGG eliminated I m BGG at the same rate as controls for 4 days, but on the 5th day developed an immune elimination rate. Control animals sensitized with a heterologous conjugate, PABA. HEA, eliminated the antigen at a steady non-immune rate. Of interest is the similarity in the elimination rates between the control animals and those with delayed hypersensitivity but no detectable circulating antibody to BGG. When I TM BGG was administered 13 days after sensitization, none of the guinea pigs sensitized with BGG survived the anaphylactic shock, although 2 mg phenergan were injected intraperitoneally 1 to 2 hours before the intravenous injection. The animals with delayed hypersensitivity to BGG because of sensitization with PABA.BGG and the controls showed responses at 13 days similar to the ones at 7 days after sensitization.
Newborn and adult guinea pigs responded in similar fashion. Both groups developed systemic anaphylaxis or rapid elimination of antigen, when they were sensitized with the protein BGG and later administered I m BGG. Both newborn and adult groups that had been sensitized with the conjugate PABA.BGG showed similar accelerated elimination rates 4 to 5 days after intravenous inoculation of the labeled antigen. Thus, the newborn and adult guinea pigs were indistinguishable from each other in their elimination of BGG from the circulation during the stages of pre-hypersensitivity, delayed hypersensitivity, or antibody production.
Experimental Allergic Encephalomyelitis.-
The induction of this "auto-allergic" disease may be cellular in origin and therefore presumably is related to delayed hypersensitivity (33, 34) . On this basis, 35 newborn and 35 adult guinea pigs were inoculated in the foot-pads with 100 nag (wet weight) ground adult guinea pig brain in Freund's adjuvant with 2 nag tubercle bacilli. The rate of onset of symptoms, the severity of response, and the percentage of diseased animals were compared between neonatal and adult guinea pigs.
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levels did not appear in animals as they matured immunologically from 0 to 21 days of age. Also, the newborn animals had an average of 144, 50 per cent lyric units, and the adult 175. This difference seems slight, especially since some assays in newborns were higher than some in adults. Complement therefore does not seem to provide the basis for the difference in skin reactivity between newborn and adult.
Passive Transfer of Leukocytes.--Further information on the nature of delayed hypersensitivity in newborns may be provided in experiments on passive transfer of leukocytes. Newborn rabbits (16) and humans (17) have been reported not to react to intradermal testing with specific antigen after they had been injected with ceils from hypersensitive adult donors. Presumably, not even adult sensitized leukocytes can overcome the deficiency inherent to newborns that is associated with expression of hypersensitivity in the skin. Transfer of leukocytes from sensitized newborns to normal adults was attempted, in order to determine whether delayed hypersensitivity was present in the newborns but could not be expressed by intradermal testing. Results of these experiments (Table V) indicate that normal adult recipients when sensitized with leukocytes from newborn guinea pigs can manifest delayed hypersensitivity as indicated by intradermal testing. Of a total of 19 experiments with toxoid as the sensitizing antigen, it may be added, only these 5 transfers were considered positive in that diameters of induration were greater than 10 m m .
DISCUSSION
Delayed hypersensitivity is usually considered to be a condition that manifests itself systemically. Its detection, nevertheless, is usually associated with the response of a given tissue or organ, particularly the skin. Thus, to detect the hypersensitive condition of a whole animal, the reaction of the skin is measured, although the response of other tissues or organs has been studied, such as the cornea (26, 27) and nervous tissue (38) . Systemic tuberculin shock is supposedly associated with delayed hypersensitivity and has been used as an expression of delayed allergy (12) . Fatal tuberculin shock still has not been described with highly purified soluble proteins, although minor changes such as fever and lymphopenia do occur in guinea pigs with delayed hypersensitivity (39) . Thus, in the determination of delayed hypersensitivity, the presence of a potentially reactive skin is assumed.
Newborn guinea pigs of the Hartley strain do not have detectable delayed skin reactions after sensitization in the foot-pads with such purified proteins as HEA and diphtheria toxoid in Freund's adjuvant with or without mycobacteria. Delayed reactions cannot be discerned during the period when adult controls develop striking reactions of this type. Similarly, in the newborn, Arthus reactions may not appear, although circulating antibody may be present and although both circulating antibody and Arthus responses occur in adult controls. Further studies indicate that some basic immunologic processes, in addition to production of antibody to a primary stimulus, are functioning in the newborn. Thus, contact sensitization to the hapten DFB could be detected. Experimental allergic encephalomyelitis was readily produced in newborns. Also, an anamnestic effect occurred in newborns at the same rate as in adults. IX31-1abeled antigen was eliminated from the blood of immune or hypersensitive newborns at the same rate as from the blood of similarly sensitized adults. The elimination of antigen in animals with delayed hypersensitivity induced by injection of conjugate was the same as in controls. Furthermore, successful passive transfer of delayed hypersensitivity from sensitized newborns to normal adult guinea pigs strongly suggests the presence of immunologically competent leukocytes.
The failure to produce allergic responses in the skin of newborns seems to be centered in a deficiency associated with the skin. This was emphasized by the inability to produce consistent Arthus reactions passively in newborns with as much as 200 #g AbN, whereas adults produced Arthus responses after passive sensitization with as little as 10/~g AbN. The inability to manifest hypersensitivity does not seem related to tolerance, since the guinea pigs do start reacting at about 14 days of age. The exact basis of the failure of the newborn skin to elicit a normal immunologic response is still in doubt, although the possible role of hormones and other pharmacologically active substances is being investigated. purified soluble antigens in dose levels that induced detectable delayed hypersensitivity in the skin of adults. Although Arthus type allergy was detectable in newborns, circulating antibody frequently preceded its appearance by several days. Passive Arthus reactions were not produced in newborns as readily as in adults. Contact hypersensitivity and allergic encephalomyelitis were induced in newborns, but corneal reactions were not. Total body irradiation with 200 r inhibited antibody formation in newborns, as in adults. In addition, the induction period for anamnestic responses in newborns and the antigen elimination rate were the same as in adults. Passive transfer of delayed hypersensitivity from sensitized newborns to normal adults was accomplished.
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